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Objective: The objective of this study was to evaluate the anatomic feasibility of two off-the-shelf fenestrated stent graft
designs to treat juxtarenal and pararenal abdominal aortic aneurysms (AAAs).
Methods: Digital computed tomography angiograms were analyzed in 520 consecutive patients treated by open or
fenestrated endovascular repair for complex AAAs (2000-2012). The anatomic feasibility of two off-the-shelf fenestrated
designs, Endologix Ventana (Endologix Inc, Irvine, Calif) and Cook p-Branch (Cook Medical, Brisbane, Australia), was
analyzed with the instructions for use (IFU) proposed by investigational protocols.
Results: There were 390 patients (75%) with juxtarenal and pararenal AAAs considered potential candidates for one of the two
devices. Proximal seal (>15 mm) was achieved in all patients with the p-Branch and in 61% of the patients with the Ventana
stent graft (P < .0001). The ability to incorporate visceral arteries was greater with the Ventana (90% vs 61%) compared with
the p-Branch design (P < .0001). Less than a third of patients met strict IFU criteria with Ventana (27%) or p-Branch (33%;
P < .05). By liberal IFU criteria, 42% of patients were candidates for Ventana and 49% for p-Branch (P < .03). Overall, 63% of
the patients with juxtarenal and pararenal AAAs were candidates for endovascular repair with one of the two devices.
Conclusions: The p-Branch design has greater anatomic feasibility and achieves proximal seal in all patients with juxtarenal
and pararenal AAAs but is not able to incorporate visceral arteries in 40% of patients. The Ventana design allows
incorporation of the visceral arteries in 90% of patients but fails to provide sufﬁcient seal in 40%. Nearly 40% of juxtarenal
and pararenal AAAs do not meet anatomic criteria for endovascular repair with one of the two devices, justifying the need
for additional designs. (J Vasc Surg 2014;60:839-48.)Endovascular repair of abdominal aortic aneurysms fenestrated stent grafts offer the advantage of ﬁtting the pa-
(AAAs) can be limited by anatomic factors in nearly half
of patients.1 These constraints frequently include short or
angulated necks and involvement of renal, visceral, and in-
ternal iliac arteries.1 Endovascular repair of AAAs with
fenestrated and branched stent grafts has been increasingly
used. Results from single-center and multicenter studies
indicate that the technique is safe, effective, and associated
with lower morbidity and mortality compared with open
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://dx.doi.org/10.1016/j.jvs.2014.04.038tient’s anatomy, but limitations include a 4- to 8-week
period for customization. On the basis of a relative predict-
ability of aortic and visceral vessel anatomy, “off-the-shelf”
fenestrated stent grafts have been designed to eliminate the
time delay required for manufacturing and potentially to
standardize planning and device implantation.7-11
The Endologix Ventana (Endologix Inc, Irvine, Calif)
and Cook p-Branch (Cook Medical, Brisbane, Australia)
are two off-the-shelf investigational devices intended to
treat juxtarenal and pararenal AAAs. The devices apply
different design concepts based on two (Endologix Ven-
tana) or three (Cook p-Branch) fenestrations. Initial re-
ports demonstrate high rates of technical success and
favorable outcomes, but overall feasibility and long-term
durability are yet to be determined.12-16 The purpose of
this study was to evaluate the anatomic feasibility of the
Endologix Ventana and Cook p-Branch stent grafts in an
unselected population of consecutive patients treated for
juxtarenal and pararenal AAAs.
METHODS
The study was approved by the Mayo Clinic Institu-
tional Review Board. Patients who were treated for839
Fig 1. Photograph of (A) p-Branch (Cook Medical, Brisbane,
Australia) and (B) Ventana (Endologix Inc, Irvine, Calif) off-
the-shelf stent grafts.
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lar repair from 2000 to 2012 were included. Complex AAA
was deﬁned as short infrarenal neck (<10 mm); juxtarenal
(up to renal arteries); suprarenal: pararenaldabove renals
but not involving the superior mesenteric artery (SMA),
and paravisceraldabove renals and SMA but not involving
the celiac axis; and type IV thoracoabdominal aortic aneu-
rysm (TAAA)dabove the celiac axis up to the diaphrag-
matic hiatus.17,18 For the purposes of suitability to one of
the two off-the-shelf designs, the subset of patients with
juxtarenal and pararenal aneurysms was analyzed. Patients
with paravisceral and type IV TAAAs were also included
in the detailed anatomic analysis, given that these patients
are often repaired with custom-made fenestrated stent
grafts and may be potential candidates for future off-
the-shelf designs applying a similar concept of movable or
pivot fenestrations.
All patients had adequate preoperative imaging studies
analyzed by an independent experienced investigator using
the Aquarius iNtuition (TeraRecon, Foster City, Calif)
software. A total of 131 anatomic measurements per pa-
tient were entered into a standardized database, including
centerline measurements, vessel diameter, angles, axial
positioning, arc lengths, aberrant or accessory anatomy,
and kidney volumetric measures, based on sizing of fenes-
trated and branched stent grafts (Appendix, online only).
Device design and anatomic criteria. The Endologix
Ventana fenestrated stent graft comprises a wide scallop to
incorporate both the celiac axis and SMA, with two steer-
able fenestrations for incorporation of the renal arteries
(Fig 1). The Cook p-Branch stent graft is a modular sys-
tem with one scallop for the celiac axis, one ﬁxed fenes-
tration for the SMA, and two conical renal artery pivot
fenestrations. Both designs have been previously described
in detail.11-13 The proposed anatomic inclusion and
exclusion criteria for the two devices obtained from the
Investigational Device Exemption protocols were individ-
ually applied to each patient. A 10% variation margin was
accepted for possible interexaminer or intraexaminer vari-
ability in measurements. The proximal sealing zone was
based on “healthy aorta,” deﬁned by parallel aortic wall
with outer-to-outer diameter of 18 to 34 mm (Ventana) or
21 to 31 mm (p-Branch), with subtle or no evidence of
calcium or thrombus. Any area of bulge or irregularity was
considered part of the aneurysm.
Deﬁnition of strict and liberal instructions for use.
Aneurysm suitability was analyzed in two different sce-
narios. Strict instructions for use (IFU) criteria (strict
IFU) were met if all the proposed inclusion and none of
the exclusion anatomic criteria were present. A secondary
analysis was carried out for anatomic criteria that was
considered indispensable on the basis of prior reports and
the experience of the senior author (G.S.O.) with endovas-
cular repair using custom-made and the off-the-shelf
fenestrated devices. This liberal IFU criteria did not
compromise the ability to achieve seal within normal aorta
or visceral artery incorporation but accepted difﬁcult iliacaccess, occlusive disease, higher degree of angulation, and
accessory renal artery anatomy as long as the senior author
(G.S.O.) indicated that the anatomy was feasible. For the
Ventana device, liberal IFU included minimum of >15 mm
infra-SMA neck, neck diameter, inner aortic diameter at
the level of the most caudal renal artery, ability to incor-
porate all visceral arteries, absence of early renal artery bi-
furcations (<13 mm), and unsuitable vascular anatomy.
For the p-Branch device, the criteria included aneurysm
extension proximal to the SMA, neck diameter >31 mm
and <21 mm, ability to incorporate all visceral arteries, and
presence of early renal artery bifurcations (<13 mm). For
both devices, aortic neck angle, renal artery diameter,
presence of stenosis or mural thrombus in the suprarenal
segment, and aneurysmal disease of the thoracic aorta were
not considered essential criteria as long as adequate seal
could be obtained with the device. Accessory renal arteries
were considered suitable to exclusion if volumetric analysis
by computed tomography indicated that the artery
perfused <25% of each kidney or <40% of one kidney
(Fig 2). Patients with a prior abdominal endograft and
unsuitable arterial anatomy were excluded.
Statistical analysis. Results were analyzed in accor-
dance with the Society for Vascular Surgery (SVS) report-
ing standards.17,18 The primary end point for each device
was overall and category-speciﬁc anatomic feasibility based
Fig 2. Volumetric kidney parenchyma analysis for assessment of percentage of volume of kidney perfused by accessory
renal artery. Note that 22% (30.5 cm3 of 134 cm3) of the kidney would be sacriﬁced with endovascular repair in this
patient. Reproduced with permission of the Mayo Foundation for Medical Education and Research. All rights reserved.
Table I. Proposed anatomic criteria for endovascular repair with the Ventana stent graft
Criteria
Juxtarenal and paravisceral
No. %
Patients 390 100
Ability to achieve >15 mm seal zone
Infra-SMA neck >15 mm 239 61
Infra-SMA nonaneurysmal aortic neck diameter 18 to 34 mm 389 100
Infra-SMA nonaneurysmal aortic neck angle <60 to the aneurysm sac 389 88
Renal arteries both with luminal diameters of 4 to 8 mm 314 81
Aortic diameter at the most caudal renal artery 18 to 36 mm 362 93
Ability to incorporate visceral arteries 350 90
Most caudal renal to aortic bifurcation $70 mm 381 98
SMA to aortic bifurcation $90 mm 383 98
Angle #60 (clock) between SMA and celiac axis 389 100
Renal arteries both distal to SMA #35 mm 364 94
Renal arteries axially #30 mm to each other 378 97
Renal arteries with angle (clock) 90-210 to each other 382 98
Signiﬁcant occlusive disease of either renal artery (>70%) 33 8
Early renal bifurcations (<13 mm) 32 8
Essential accessory renal artery that supplies more than 25% of the renal parenchyma 48 12
Accessory renal artery that supplies >40% of one kidney or >25% of both kidneys 23 6
Clinically signiﬁcant mural thrombus in the suprarenal segment (>5 mm thickness
>60% of the aortic circumference)
21 5
Existing renal stent 3 1
Unsuitable vascular anatomy 13 3
Aneurysm disease of the descending thoracic aorta 6 2
Suitability: strict criteria 107 27
Suitability: liberal criteria 164 42
SMA, Superior mesenteric artery.
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population of juxtarenal and pararenal aneurysms. Sec-
ondary end points were the anatomic measurements and
suitability of all patients with complex AAAs, including
paravisceral and type IV TAAAs, thereby providing an
anatomic mapping for future off-the-shelf designs. The
Pearson c2 or Fisher exact test was used for analysis of
categorical variables. Differences between means were
tested with two-sided t-test, Wilcoxon rank sum test, orMann-Whitney test. A value of P < .05 was used to
determine statistical signiﬁcance.
RESULTS
There were 520 patients treated for complex AAAs at
the Mayo Clinic from 2000 to 2012. These included
short-neck infrarenal or juxtarenal in 222 patients (43%),
pararenal in 168 (32%), paravisceral in 73 (14%), and
type IV thoracoabdominal in 57 (11%). Thus, a total of
Table II. Proposed anatomic criteria for endovascular repair with the p-Branch stent graft
Criteria
Juxtarenal and paravisceral
No. %
Patients 390 100
Aneurysm origin distal to the SMA origin 390 100
Greater than 10% increase in diameter over length of proximal seal zone 0 0
Proximal sealing zone angulated >60 relative to the centerline of the aneurysm or
proximal sealing zone angulated >45 relative to the supraceliac aorta
49 13
Proximal sealing zone diameter >31 mm or <21 mm 25 6
Non-bifurcated segment of any artery to be stented <15 mm in length if use of covered
stent is planned
39 10
Renal artery or SMA stenosis >50% 37 10
Sacriﬁce of accessory renal artery, IMA, or hypogastric that would signiﬁcantly
compromise physiologic function in the opinion of the investigator
48 12
Accessory renal artery that supplies >40% of one kidney or >25% of both kidneys 23 6
Previous endograft in the aorta that precludes the deployment of the p-Branch device 2 0.5
Ability to incorporate visceral arteries 239 61
Conﬁguration A 165 42
CA arises from aorta between 11:30 o’clock and 1:30 o’clock (345 and 45) 387 99
The SMA is $11 mm distal to the celiac artery 366 94
Longitudinal position of RRA arises 4.5-19.5 mm distal to the SMA 277 71
Longitudinal position of LRA arises 4.5-19.5 mm distal to the SMA 270 69
Circumferential location of the RRA can range between 8:30 o’clock and 10:30
o’clock (255 and 315)
364 93
Circumferential location of the LRA can range between 1:30 o’clock and 3:30
o’clock (45 and 105)
355 91
Conﬁguration B 180 46
The CA arises from the aorta between 11:00 o’clock and 2:00 o’clock (330 and 60) 390 100
The SMA is $9 mm distal to the celiac artery 386 99
Longitudinal position of the RRA arises 8.5-23.5 mm distal to the SMA 263 67
Longitudinal position of the LRA arises 12.5-27.5 mm distal to the SMA 292 75
Circumferential location of the RRA can range between 8:30 o’clock and 10:30
o’clock (255 and 315)
364 93
Circumferential location of the left renal artery can range between 1:30 o’clock and
3:30 o’clock (45 and 105)
355 91
Prohibitive occlusive disease, calciﬁcation or thrombus of the proximal landing zone 19 5
Distance from the distal-most aspect of the lowest renal artery to the aortic bifurcation that
is compatible with the available lengths of the Zenith Universal Distal Body
Endovascular Graft (if used)
383 98
Unsuitable arterial anatomy 13 3
Suitability: strict criteria 128 33
Suitability: liberal criteria 193 49
CA, Celiac axis; IMA, inferior mesenteric artery; LRA, left renal artery; RRA, right renal artery; SMA, superior mesenteric artery.
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rysms were considered potential candidates for Ventana
and p-Branch designs. The anatomic characteristics accord-
ing to the proposed criteria for the two devices are summa-
rized in Tables I and II.
Proximal sealing zone. All 390 study patients had
aneurysmal extension up to but not beyond the distal
margin of the SMA. Proximal seal was achieved by all pa-
tients with the p-Branch design. The fundamental crite-
rion of >15 mm infra-SMA proximal sealing (Fig 3) for
the Endologix Ventana was met by 239 among 390
patients (61%; P < .0001). For the 222 patients with
juxtarenal and short-neck infrarenal aortic aneurysms,
$15 mm seal within normal aorta was achieved in 88% of
patients with the Ventana design compared with 100% of
patients with the p-Branch design (P < .001). Aortic neck
diameter of 18 to 34 mm and a neck angle <60 was
present in 84% of the aneurysms, as suggested by theVentana IFU (Table I). For the p-Branch device, proximal
sealing zone diameter of 21 to 31 mm was achieved in 94%
of patients, with 13% of patients not suitable because of
angulation >60 relative to the aneurysm or >45 relative
to the supraceliac aortic axis (Table II). Suprarenal
thrombus (>5 mm thickness in >60% of the aortic
circumference) or prohibitive aortic calciﬁcation precluded
repair in 5% of patients.
Visceral artery incorporation. Visceral artery location
is represented in Fig 4. The steerable fenestration system of
the Endologix Ventana was able to incorporate all four
visceral arteries in 90% of patients, with each single criterion
met in at least 94% of measured aortas. Vessel incorporation
for the two p-Branch devices demonstrated that conﬁgura-
tion B was able to incorporate all visceral arteries in 180
patients (46%) compared with 165 patients (42%) for
conﬁguration A. Overall vessel incorporation was signiﬁ-
cantly higher with the Ventana device (90%) compared
Fig 3. The dots denote the most proximal location of aneurysm extent among 520 patients treated for complex aortic
aneurysms. The green dot denotes aneurysm not suitable for repair within the device design anatomic recommendation,
whereas the blue dot denotes aneurysm within the anatomic guidelines. For juxtarenal and pararenal aneurysms
extending up to the lower aspect of the superior mesenteric artery (SMA), proximal seal was achieved in 61% of patients
with Ventana (A) and in all patients with p-Branch (B) design. Reproduced with permission of the Mayo Foundation
for Medical Education and Research. All rights reserved.
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The longitudinal distance requirements from the SMA
to the right renal (4.5-23.5 mm) and left renal arteries
(4.5-27.5 mm) were met by 80% and 86% of the patients,
respectively. These were the two most common factors
precluding visceral incorporation with the p-Branch device.
Renal artery anatomy. A total of 149 patients (29%)
had at least one accessory renal artery, including 96 left
and 81 right accessory renal arteries. Bilateral accessory
renal arteries were noted in 24 patients (16%). Accessory
renal arteries contributed >25% kidney perfusion in 48 pa-
tients (12%), with 23 patients (6%) having >25% of each
kidney or >40% of one kidney perfused by accessory renal
arteries. Early (<13 mm) renal artery bifurcations were
noted in 32 patients (8%). The mean length to renal artery
bifurcation was 436 15 mm for the right and 336 12 mm
for the left renal artery (P < .05). Renal artery diameter of
4 to 8 mm, a criterion for the Ventana stent graft, was met
in 409 patients (79%), whereas a stenosis >70% affecting
either renal artery was noted in 51 patients (10%). Prior
renal artery stent was found in 1% of patients.
Other exclusion criteria. A total of 19 patients (4%)
had their vascular anatomy deemed unsuitable for repair
because of extreme tortuosity, previous aortoiliac bypass
graft precluding deployment of the stent grafts, pelvic kid-
ney with several accessory renal arteries, or iliac artery oc-
clusion. Aortic diameter of 18 to 36 mm at the level of
the most caudal renal artery was not present in 7% of pa-
tients. Untreated thoracic aortic aneurysm, an exclusion
criterion for the Ventana, was found in 2% of patients.
Anatomic feasibility. Overall suitability with strict or
liberal IFU for the two designs is summarized in
Table III. The anatomic feasibility of patients by the
strict IFU criteria for the Endologix Ventana was met in107 patients (27%). The main reasons for nonsuitability
were inability to achieve a >15-mm neck below the
SMA in 39% of patients, inadequate renal artery
diameter <4 mm or >8 mm in 19%, excessive aortic neck
angulation >60 in 11%, and essential accessory renal ar-
tery supplying >25% of the kidney parenchyma in 12%. By
the proposed liberal IFU criteria, 164 patients were
considered suitable (42%). The anatomic feasibility for the
Cook p-Branch by the strict IFU criteria was met in 128
patients (33%) vs 27% for the Ventana (P < .05). The main
reasons for nonsuitability were inability to incorporate
visceral vessels in 39%, excessive aortic neck angulation in
13%, and accessory renal artery anatomy in 11%. By the
liberal IFU criteria, 193 patients (49%) were considered
suitable, signiﬁcantly more than with the Ventana design
(P < .03). Among all patients with juxtarenal or pararenal
AAAs, 168 patients (43%) would be suitable for treatment
with one of the two designs by strict IFU criteria and 245
patients (63%) by liberal IFU criteria. Considering the
entire cohort of patients treated for complex AAAs, 47% of
patients were candidates for endovascular repair with one
of the two investigational devices by liberal IFU criteria.
DISCUSSION
Endovascular repair with fenestrated stent grafts has
been demonstrated to be a safe, feasible, and effective treat-
ment of patients with complex AAAs who have suitable
anatomy.2,4,6 Custom-made devices based on the Zenith
fenestrated platform have been applied in >7000 patients
worldwide (Cook Medical, personal communication).19
Results of single-center reports, multicenter experiences,
and systematic reviews indicate that these procedures can
be performed with high technical success and lower mortal-
ity, morbidity, and renal function deterioration compared
Fig 4. The location of the celiac axis (yellow), right renal artery (green), and left renal artery (blue) is depicted relative to
the mid aspect of the superior mesenteric artery (SMA) in the 0 axis (A). For the Ventana device (B), visceral
incorporation was achieved in 90% of patients because of the wide range of suitability of movable renal fenestrations
(shaded blue area). For the p-Branch device using either the A (C) or B (D) conﬁguration, incorporation was achieved
in 61% of patients. The main limitation was noted in the ability to incorporate renal arteries with pivot fenestrations.
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devices have several shortcomings. There is a 4- to 8-week
time delay for manufacturing, which exposes patients to
risk of interval aneurysm rupture and limits the use of these
devices to patients with stable aneurysms who do not have
symptoms of impending rupture.10 Device planning and
implantation are complex, requiring advanced training
and a steep learning curve.20 Off-the-shelf devices can
potentially eliminate several of these constraints by avoid-
ing the delay for customization and allowing standardiza-
tion of planning and implantation.
Off-the-shelf concepts have been based on the relative
predictability of the visceral aortic anatomy.8,10,21 Both the
Endologix Ventana and Cook p-Branch stent grafts were
designed to treat patients with short-neck infrarenal, jux-
tarenal, and pararenal aneurysms. On the basis of prelimi-
nary reports, anatomic feasibility has been demonstrated
to range between 70% and 80%.12,13 These studies havebeen limited by the inclusion of patients who were prese-
lected for custom-made devices, thereby excluding patients
who were thought not to be good candidates for a fenes-
trated repair because of clinical or anatomic reasons. Fac-
tors such as excessive angulation, aberrant renal or
visceral anatomy, and prior open or endovascular repair,
which may render endovascular repair more difﬁcult but
yet possible, were often not taken into consideration. In
this study, the entire cohort of patients treated for complex
AAAs was analyzed, which allowed a more comprehensive
review of suitability and an anatomic mapping of the
visceral aorta for evaluation of future design concepts.
The ability to provide adequate seal is the single most
important criterion of any stent graft. This cannot be
compromised, particularly in planning of a fenestrated
repair, in which the implications of inadequate seal or pro-
gression of disease can compromise the entire repair, with
few or no options for bailout. A proximal sealing zone of
Table III. Summary of strict and liberal anatomic criteria
for endovascular repair of juxtarenal and pararenal
aneurysms with Ventana or p-Branch stent graft
Anatomic criteria
Ventana p-Branch
Strict, % Liberal, % Strict, % Liberal, %
Ability to achieve a
15-mm proximal
sealing zone
61 61 100 100
Visceral artery
incorporation
90 90 61 61
Renal artery issues
precluding FEVAR
35 13 27 13
Aortic neck angulation 11 0 13 0
Absence of healthy
proximal landing zone
5 0 5 0
Other 13 10 9 9
Suitability 27 42 33 49
FEVAR, Fenestrated endovascular aortic aneurysm repair.
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protocols, is rather minimal and may need to be revised.
On the basis of extensive clinical experiences reported in
the literature, most investigators recommend at least 20
to 25 mm of landing zone.15 Other factors should also
be taken into consideration. Family history of aortic aneu-
rysm or aortic ectasia or aneurysm in other segments may
prompt selection of longer sealing zones, particularly in pa-
tients with longer survival expectancy. Similar to what has
been reported for infrarenal aneurysms, progression of
aortic disease occurs in a proportion of these patients and
leads to proximal type I endoleak or device migration.
These complications are more common when the device
is implanted in unhealthy aorta. A critical difference from
infrarenal procedures is that proximal neck failure may be
difﬁcult or impossible to treat by endovascular means,
and open surgical conversion is technically more
demanding.13,22-24
An argument for simpler designs with two fenestrations
is that the selection of longer proximal landing zones trades
a simpler repair for a more extensive one (eg, three instead
of two fenestrations). Although placement of an additional
fenestration may be technically more difﬁcult in the begin-
ning of the learning curve, large single-center experiences
have shown that fenestrated repair can be safely performed
with three or four fenestrations, with similar mortality
(<2%) and risk of spinal cord injury (<1%) for both.2
Others have also shown that increasing the extent of repair
from two to three fenestrations had no signiﬁcant impact
on morbidity.25,26 In this study, a design with three fenes-
trations allowed adequate seal in all patients with juxtarenal
and pararenal aneurysms compared with 61% for two fenes-
trations. As previously discussed, a proximal landing zone
of 15 mm is questionable and may be insufﬁcient to pro-
vide long-term seal beyond 5 to 10 years.27
Severe angulation, mural thrombus, or severe calciﬁca-
tion within the aortic neck can also compromise seal and
pose technical challenges during device implantationbecause of risk of malrotation, misalignment, or emboliza-
tion. Severe angulation (>60) precludes repair in 11% of
patients according to strict IFU recommendations.
Although most of these patients were still considered can-
didates by liberal IFU, excessive angulation makes implan-
tation more difﬁcult, adds strain into the visceral stents, and
may compromise the apposition between the stent graft
fabric and the aortic wall. The long-term effect of excessive
angulation on patency of visceral branches and endoleak
rates has not been determined, but prior reports indicate
that these patients may be subjected to greater risk of stent
fracture, dislodgment, and target vessel loss.22
The Ventana design was based on analysis of patients
enrolled in the Endologix pivotal trial. In the initial feasi-
bility report, visceral incorporation was obtained in 85%
of patients, which is similar to the 90% noted in our
study.12 This high rate of incorporation relates to the
wide range of movement of the renal fenestrations within
the midsegment of the graft, which reaches up to 35 mm
from the SMA and 90 to 210 between the renal artery
origins. The p-Branch pivot fenestrations allow less ﬂexi-
bility in terms of renal incorporation, reaching a 7.5-mm
range from the center of each fenestration. Kitagawa et al
and others demonstrated visceral vessel applicability of p-
Branch fenestrations in 75% of patients treated by
custom-made devices.10,13 We found a lower rate (61%)
of visceral vessel incorporation for the p-Branch design,
which may reﬂect our patient population or more rigorous
selection criteria. Overall, a comparison of the two devices
indicates that the Ventana has an incorporation range
16 mm wider for the right and 12 mm wider for the left
renal artery. Importantly, both designs have to be tested
clinically to determine if patency of these novel fenestra-
tions matches the results of custom-made fenestrations.
Renal artery anatomy can limit vessel incorporation
with any type of endovascular technique. Because preserva-
tion of renal function is a critical determinant of early and
late survival, incorporation of the renal artery plays an
important role in selection of patients for fenestrated
repair.28 It has been shown that approximately one third
of patients develop some degree of renal function deterio-
ration after repair with a fenestrated stent graft, although
most recover by 3 months. Problems that limit renal artery
incorporation include multiple accessory anatomy, early
bifurcation, and small vessel diameter (<4 mm). Catheter-
ization of renal arteries is also more difﬁcult if there is
excessive downward angulation, occlusive disease, or prior
renal stents. Although intentional coverage of accessory
renal arteries has been routinely performed during endo-
vascular aneurysm repair with few permanent sequelae,
the decision to cover a renal artery should take into consid-
eration how much kidney parenchyma will be sacriﬁced,
age of the patient, clinical risk, and underlying kidney dis-
ease.29,30 Malgor et al31 reported no signiﬁcant change
in renal function or blood pressure with intentional
coverage of accessory renal arteries, even in patients with
stage 3 or stage 4 chronic kidney disease. Renal artery
bifurcation <13 mm poses a challenge because the shortest
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main renal artery is required to provide seal and ﬁxation
for the stent. Short stent overlap can lead to dislodgment
or type III endoleak.22,32 Although the strategy of sacri-
ﬁcing the smaller branch has been used in selected cases,
the durability is questionable if the remaining renal artery
is <4 mm. As a general rule, we consider intentional
coverage of small accessory branches if these contribute
to <25% of both kidneys or <40% of one kidney but avoid
placement of renal stents if the vessel is <4 mm because of
decreased patency.32
Feasibility of these two designs should not be over-
stretched to accommodate more extensive aneurysms or
anatomies that are beyond the proposed guidelines.
Although some have recommended intentional coverage
of celiac axis or even large accessory or main renal arteries,
there are unpredictable sequelae and a potential risk of
devastating complications.33 From a technical standpoint,
implantation of these devices can be more difﬁcult
compared with custom-made stent grafts because of
mismatch between the aortic anatomy and the intended
off-the-shelf conﬁguration. Notably, long-term results
remain unknown for off-the-shelf designs, but concern re-
mains with respect to branch durability in the setting of
misaligned bridging stents that can be prone to kinks, frac-
ture, or migration. Ultimately, it is critical that the results of
off-the-shelf devices be analyzed in contrast to what has
already been achieved with custom-made devices. Mastracci
et al22 reported 84% freedom from any type of branch-
related complication in 5 years with custom-made fenestra-
tions. There were only three branch-related deaths (0.5%)
among 650 patients during 9 years. Long-term patency of
renal fenestrations has to be determined for off-the-shelf
designs before these new concepts are recommended to pa-
tients who are good candidates for either open repair or
custom-made fenestrations. Until then, off-the-shelf de-
vices should be investigated under clinical protocols with
strict anatomic guidelines. For patients who have urgent in-
dications, more liberal criteria can be applied.
This study has several limitations. Because of referral
pattern, our aneurysm population may not be representa-
tive of the general patient population. It is possible that
interexaminer variation accounted for some of the differ-
ences with other reports, but we attempted to minimize
systematic error by an extensive training in device planning
and a 10% variation margin. Volumetric measurements of
kidney perfusion were obtained in patients with small
accessory renal arteries to determine the percentage of kid-
ney parenchyma that would be sacriﬁced. Although these
measurements may be somewhat arbitrary, this technique
represents the most accurate method of assessing kidney
parenchyma perfusion by noninvasive imaging.
CONCLUSIONS
Off-the-shelf designs are currently under investigation
to offer an alternative to open repair and custom-made
fenestrated stent grafts. These devices have numerous po-
tential advantages, minimizing time delay for manufactureand allowing use of preloaded guide-catheter systems with
standard technique of planning and implantation. Ulti-
mately, these advantages may decrease cost of the proce-
dure. The p-Branch design has a greater anatomic
feasibility, achieves proximal seal in all patients with jux-
tarenal and pararenal aneurysms, but is not able to incor-
porate visceral arteries in 40% of patients. The Ventana
design allows visceral incorporation in 90% of patients
but fails to provide sufﬁcient proximal seal in 40% of
them. Nearly 40% of juxtarenal and pararenal aneurysms
do not meet anatomic criteria for endovascular repair
with one of the two devices, justifying the need for
custom-made stent grafts and additional off-the-shelf
designs.
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at www.jvascsurg.org.DISCUSSIONDr Zachary Arthurs (San Antonio, Tex). My interpretation
of your results is a little different. The real question at hand is,
For juxtarenal aneurysms, should a three-vessel device be the
design of choice or a two-vessel design? You chose to include
the pararenal aneurysms, so my interpretation is really that a
two-vessel design with a scallop will ﬁt most juxtarenal aneurysms,
and a three-vessel design with a scallop will ﬁt most pararenal an-
eurysms. The ﬁrst paper this morning demonstrated that when you
do include that third superior mesenteric artery (SMA) fenestra-
tion, the mortality goes up exponentiallyd9.5% in that report.
So my question to you is, How many patients with juxtarenal an-
eurysms could have been treated with a two-vessel device vs the
three-vessel device?
Dr Bernardo C. Mendes. The Endologix Ventana system
was better to treat juxtarenal aneurysms compared with pararenal
aneurysms. This makes sense since a 15-mm healthy aortic neck
is required for the proximal sealing zone achievement. With the
Ventana device, strict anatomic feasibility for juxtarenal aneurysms
was 34%; and for pararenal aneurysms, it was only 10%. For both
combined, the Ventana device was suitable in 26% of patients. Us-
ing liberal criteria, we can treat 63% of juxtarenal aneurysms and
14% of pararenal aneurysms with the Ventana stent graft. In the
majority of patients, the distance between the highest renal arteryand the SMA was >15 mm, therefore explaining the high suit-
ability of Ventana for juxtarenal aneurysms. Nonetheless, let’s
keep in mind that juxtarenal aneurysms represent only 43% of all
complex abdominal aortic aneurysms. For the Cook p-Branch,
there is not a signiﬁcant difference between treating patients
with pararenal and juxtarenal aneurysms; the device has similar
application for both. So to answer your question, the Ventana stent
graft designed with two fenestrations and a scallop is a device that
is more suitable for juxtarenal aneurysms, but this represents the
minority of all cases that need fenestrated incorporation.
Dr Mark Farber (Chapel Hill, NC). My question refers to
the patients that you excluded and why you say we use strict
anatomic criteria for looking at the proximal neck. How many of
those patients in your practice, that you see a little diameter change
of the SMA aorta compared to the infrarenal aorta, did you
exclude? If you had included those, what is the overall percentage
of patients that you see, and do you have any data for which pa-
tients you treated with the Cook ZFEN device that are in short
necks? If you gave that entire population a look, how many would
be excluded, how many for the Ventana, how many for the p-
Branch, how many for the ZFEN?
Dr Mendes. In response to your second question, we have
not analyzed the feasibility of the Cook ZFEN in this study. The
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gational off-the-shelf designs, Ventana and p-Branch.
The ﬁrst question addresses the issue of neck selection. We
were very meticulous in the selection of the aneurysm neck,
regardless of where it was located within the aorta (eg, juxtarenal,
pararenal, paravisceral, or type IV thoracoabdominal aneurysm).
We deﬁned as normal aortic parallel, healthy aortic walls with min-
imal or no thrombus or calcium and <10% diameter change over a
2-cm length. This corresponds to our current standard practice
when selecting and planning a fenestrated repair. We do not
compromise on this concept. Therefore, a patient was considered
pararenal if the neck extended up to the lower aspect of the
SMA, and juxtarenal if the neck started at the level of the renal ar-
teries. Above these respective levels, the aorta was normal, parallel,
with no aneurysm. Your question addresses a common phenome-
non, which is slight dilation of the posterior aorta behind the SMA,
compared with the infrarenal aorta. We considered this slight dila-
tion as aneurysm and not as normal aorta and planned in these
cases the landing zone above the SMA, where it became
completely parallel. The ﬁnal message is that we used the strict cri-
terion for proximal neck as we do not advertise that the proximal
sealing zone should be compromised. We believe, as others do,
that aortic disease follows a progressive course and that therapeutic
options in an eventual longitudinal progression of the disease are
complex and limited.
Dr Mark Fillinger (Lebanon, NH). First, a comment, which
is to encourage everyone who does this type of research to follow
the Society for Vascular Surgery (SVS) reporting standards because
it gets confusing when we talk about juxtarenal, pararenal, perivisc-
eral, and thoracoabdominal aneurysms.
I used to use the same deﬁnitions that you presented here,
meaning a thoracoabdominal aortic aneurysm had to involve upto the celiac origin. When we set out to write the deﬁnitions
into the thoracic endovascular aortic repair standards, however, I
had an argument with one of the other people on the committee,
who said, “thoracoabdominal aneurysms are anything that involve
the renals and above.“ And I said, ”No, that’s not true. I can show
you pictures in books.” So I went back to the original papers by
Crawford, because I was trying to prove them wrong, and it turned
out they were right, using the text deﬁnitions in Crawford’s orig-
inal papers. The “they” in this story is Roy Greenberg, by the way.
So the point is, a percentage of your patients that are not
meeting the criteria for “juxtarenal” devices appear to be better
characterized as type IV thoracoabdominal aneurysms, which
would require four branch repairs. Is that correct or am I misun-
derstanding your deﬁnitions?
Dr Mendes. I agree, we have used the SVS reporting stan-
dards for infrarenal EVAR and acknowledge there is not a report-
ing standard for fenestrated repair. The percentages of patients that
were analyzed in this study represent the target population of these
two devices for pararenal and juxtarenal populations. Using one of
the two devices in 390 patients with juxtarenal or pararenal aneu-
rysms, strict criteria were met in 43% and liberal criteria in 63%.
In response to your question, we have not included type IV
thoracoabdominal aneurysms nor paravisceral (above the SMA)
aneurysms in the speciﬁc feasibility analysis of Ventana and
p-Branch. The analysis was done in juxtarenal and pararenal aneu-
rysms, which corresponded to 390 patients or 75% of all complex
abdominal aortic aneurysms. However, we collected the number
of patients with type IV thoracoabdominal aneurysms or paravisceral
aneurysms so we can have an idea of the total denominator of com-
plex abdominal aneurysms in our practice. If we use the whole com-
plex aortic aneurysm population, which includes aneurysms with
extension above the SMA, the suitability would be even lower.
APPENDIX (online only). List of variables obtained by
centerline of ﬂow computed tomography angiography
measurements using Aquarius iNtuition softwarea for
each of 520 patients with complex abdominal aortic
aneurysms
Measurements
Proximal landing zone
Diameter
Length
Distance to SMA e center
Distance to SMA e distal margin
Distance to celiac artery
Distance to RRA
Distance to LRA
Distance to AoB
Distance to right iliac bifurcation
Distance to left iliac bifurcation
Distance to distal landing zone
Thrombus severity
Calcium severity
Angle in relation to supra-celiac aorta on coronal axis
Angle in relation to main aneurysm axis on coronal axis
Celiac artery
Diameter
Aortic OVD
Aortic IVD
Clock position
Clock face angle
Arc length
Angle on sagittal axis
Distance to SMA
Distance to RRA
Distance to LRA
Occlusive disease
Distance to branch
Superior mesenteric artery
Diameter
Aortic OVD
Aortic IVD
Clock position
Clock face angle
Arc length
Angle on sagittal axis
Distance to celiac artery
Distance to RRA
Distance do LRA
Occlusive disease
Distance to branch
Distance to AoB
Right renal artery
Diameter
Ostium
Mid third
Bifurcation
Aortic OVD
Aortic IVD
Distance to bifurcation
Clock position
Clock face angle
Arc length
Angle on coronal axis
Distance to celiac artery
Distance to SMA
Distance to LRA
Distance to AoB
APPENDIX (online only). Continued.
Measurements
Left renal artery
Diameter
Ostium
Mid third
Bifurcation
Aortic OVD
Aortic IVD
Distance to bifurcation
Clock position
Clock face angle
Arc length
Angle on coronal axis
Distance to celiac artery
Distance to SMA
Distance to RRA
Distance to AoB
Right accessory renal artery (when present)
Diameter
Ostium
Mid third
Bifurcation
Distance to bifurcation
Clock position
Clock face angle
Arc length
Angle on coronal axis
Distance to celiac artery
Distance to SMA
Distance to RRA
Distance to LRA
Volume of kidney perfusion (if >3 mm)
Left accessory renal artery (when present)
Diameter
Ostium
Mid third
Bifurcation
Distance to bifurcation
Clock position
Clock face angle
Arc length
Angle on coronal axis
Distance to celiac artery
Distance to SMA
Distance to RRA
Distance to LRA
Volume of kidney perfusion (if >3 mm)
Right common iliac artery
Diameter
Ostium
Maximum
Minimum
Calcium severity
Occlusive disease
Thrombus severity
Bifurcation angle on coronal axis
Distance to bifurcation
Aortic bifurcation angle
Left common iliac artery
Diameter
Ostium
Maximum
Minimum
Calcium severity
Occlusive disease
(Continued on next page)
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APPENDIX (online only). Continued.
Measurements
Thrombus severity
Bifurcation angle on coronal axis
Distance to bifurcation
Right hypogastric
Diameter
Calcium severity
Occlusive disease
Thrombus severity
Distance to bifurcation
Left hypogastric
Diameter
Calcium severity
Occlusive disease
Thrombus severity
Distance to bifurcation
Right external iliac artery
Diameter
Ostium
Minimum
Tortuosity
Calcium
Occlusive disease
Left external iliac artery
Diameter
Ostium
Minimum
Tortuosity
Calcium
Occlusive disease
AoB, Aortic bifurcation; IVD, inner vessel diameter; LRA, left renal artery;
OVD, outer vessel diameter; RRA, right renal artery; SMA, superior
mesenteric artery.
aTeraRecon, Foster City Calif.
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